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ABSTRACT 
The behavior of a-chymotrypsin has been studied in the simultaneous presence of 
two different substrates, each present in the reaction mixture at its saturation level. 
Mixtures of two esters were hydrolyzed at rates intermediate between the rates of 
hydrolysis of each ester when  present  alone,  suggesting,  in  this  case,  competitive 
hydrolysis. In contrast, the rates of hydrolysis in mixtures of casein with gelatin or 
of either protein with an ester were equal to the sum of the rates of hydrolysis of the 
separate substrates,  indicating in  these cases  independent hydrolysis. The activity 
of the a-chymotrypsin preparation used  could  not  be attributed  to contamination 
with other enzymes. Studies of the effect of soy bean inhibitor on chymotrypsin in- 
dicate  that  the  mechanism of  inhibition  with  protein  substrates  differs  from that 
when esters are used,  providing further evidence that a-chymotrypsin reacts differ- 
ently with esters and proteins. 
These results indicate that if chymotrypsin forms specific complexes with its sub- 
strates, it must possess at least three distinct active sites. However there is independ- 
ent chemical evidence that the proteolytic and esterolytic activities of this enzyme 
reside  in  the  same active center.  If this is  true,  the  experimental observations re- 
ported here cannot be explained unless it is supposed that this enzyme does not form 
specific Michaelis  complexes with its substrates. 
INTRODUCTION 
It was reported earlier  (3)  that Northrop's phenomenon  (2),  or the simul- 
taneous hydrolysis by a  single enzyme of two substrates,  each present at its 
saturation level, also appears with trypsin digestion of ester and protein mix- 
tures. This  observation is  not  in  agreement  with  the  generally  accepted  hy- 
pothesis of the formation of a specific intermediary enzyme-substrate complex, 
unless  it is assumed that  there  are independent  binding  sites on  the  enzyme 
surface for each  substrate.  Since  there  is  evidence  that  alpha  chymotrypsin 
has  only one  active  center  (4,  5),  it  was  thought  of  interest  to  investigate 
whether or not  two  substrates in  the  same solution are hydrolyzed independ- 
ently by chymotrypsin. Since  the  esters which  are  regarded  as  specific  sub- 
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strates for chymotrypsin are insoluble in aqueous solutions and require metha- 
nol or ethanol for solvation, the problem arose that if any of these esters were 
placed in the same solutions with a protein, the presence of alcohol in the system 
might interfere in the reaction. Furthermore, the possible inhibiting effect of 
alcohols on enzymatic reactions has been the subject of discussion. Some doubt 
remains concerning the reliability of the results obtained with synthetic sub- 
strates which  require alcohol-water mixtures for dissolution  (1).  Because of 
this,  the esters used in these first experiments were benzoyl-L-arginine ethyl 
ester (BAEE) and benzoyl-L-arginine methyl ester (BAME) which are water 
soluble.  Even  though  these  esters  are  considered  as  specific  substrates  for 
trypsin, Schwert et al.  (13) have demonstrated that BAME is hydrolyzed by 
chymotrypsin. It will be seen here that BAEE also is attacked by this enzyme. 
Notwithstanding  the comparatively greater amounts of chymotrypsin neces- 
sary for the hydrolysis of these esters,  their rates of digestion do not  differ 
widely from those of proteins, so that the comparison between both kinds of 
substrates  is  possible.  The present  report concerns the  behavior of chymo- 
trypsin towards two different substrates in the same aqueous solution. Three 
cases were studied: (1) two proteins, casein and gelatin; (2) two esters, benzoyl- 
L-arginine ethyl and methyl esters;  and  (3)  one ester and  one protein. 
Materials and Metkods 
Enzymes.--Thrice-recrystaUized  a-chymotrypsin  (Worthington)  was  used  as 
purchased or further purified by two additional recrystallizations.  The trypsin used 
was the preparation described previously (3). Thrice recrystallized  soy bean inhibitor 
(N  =  15.8 ~  0.2 per cent) was prepared according to the procedure of Kunitz (6). 
Substrates.--The  casein,  gelatin,  benzoyl-L-arginine  ethyl ester,  and  benzoyl-L- 
arginine  methyl ester preparations used  in  these  studies  were  the  same  as  those 
described  in the previous report (3). The p-toluene sulfonyl-L-arginine methyl ester 
(TSAME) used was a Mann preparation, lot No. 2496. 
Determination of proteolytic and esterase activities.--The  method followed was  the 
direct titration procedure described  elsewhere  (3).  However, because  the  rate  of 
hydrolysis is sometimes  slow, especially in the presence  of inhibitor,  the initial  ad- 
dition of 0.1 ml. of 0.1 ~ NaOH was found at times to be excessive. Therefore the 
initial volume of alkali added was varied according to the expected activity from 0.01 
ml. to 0.1 ml. of 0.1 N NaOH in such a way that its neutralization did not require 
more than 1.5 minutes.  Formol titration was carried out in the same way formerly 
described (3). 
RESULTS 
Determination  of "f," the Ratio of Formal to Direct Titration 
The  saturation  curves  of  chymotrypsin  by  casein  determined  by  direct 
titration are given in the upper portion of Fig.  1.  The lower part represent 
the average curves of the data employed for the calculation of the factor "f" M.  CASTA~EDA-AGULL()  AND  LUZ  M.  DEL  CASTILLO  51 
for chymotrypsin-casein systems. As in the case of tryptic hydrolysis (3)  the 
ratio "f" was constant and independent of the substrate concentration. The 
value of "f" obtained for chymotrypsin-casein was 1.22 -4- 0.05 (average of 12 
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FIG.  1.  Saturation  curves of tx-chymotrypsin  determined by  direct  titration  of 
casein  hydrolysis (A),  and determination of the factor a-chymotrypsin-casein (]3). 
The circles represent direct titration data, the x signs formol titration divided by the 
final average factor 1.22. Temperature, 35°C. Buffer, 0.015 ,x phosphate pH 8. 
determinations)  as  compared  with  the  previously  reported  "f"  value  for 
trypsin-casein systems of 1.36 4- 0.023 (3). It might be postulated that since 
the  ratio  of formol to  direct  titration  obtained  with  casein  is  nearer  unity 
with  chymotrypsin,  this  enzyme  releases  more  groups  whose  dissociation 
constants are little or not at all altered by formol. 
Fig.  2  compares formol and direct titration for the system chymotrypsin- 0.4 
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gelatin.  The final mean  factor  (12  determinations)  was  1.85  4-  0.08,  while 
that formerly found for trypsin-gelatin systems was  1.73  4-  0.05.  The cases 
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FIG.  2,  Comparison of  formol  (A)  with  direct  titration  (]3)  for (x-¢hymotryptic 
hydrolysis of gelatin. In B, x represents formol titration data divided by the average 
"f"  =  1.85. Temperature, 35°C. Buffer, 0.015 M phosphate pH 8. 
studied thus  far  support  the  assumption  made  previously of the  possibility 
that each enzyme-substrate system has a  distinct factor, the value of which 
would depend upon the constitution of the protein and the groups acted upon 
by the protease. 
The hydrolysis by chymotrypsin of mixtures composed of equal concentra- M. CASTAI~DA-AGULL6  AND LUZ M. ])EL CASTILLO  53 
fions of casein and gelatin was followed by both formol and direct titration 
(Fig. 3). The final average of "f" in 12 determinations was 1.36 4- 0.05. This 
value differs from that obtained with trypsin (3) in that it is not equal to the 
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Fzo.  3.  Determination of the factor "f" for a-chymotrypsin with equal concen- 
trations of casein and gelatin in the same  solution.  In B, x represents  the formol 
titration data divided by the average "f," 1.36. Temperature, 35°C. Buffer,  0.015 
phosphate pH 8. 
average of the individual factors, which in this case would be 1.53. Neverthe- 
less, it diverges significantly from the figures given by casein or gelatin when 
hydrolyzed independently. This can be interpreted as indicating simultaneous 
hydrolysis of both proteins, as in the case of trypsin, but at different rates. 
The fact that  the observed "f" is less than  the average of the separate  "f" 
values obtained for the two substrates, and approaches the value obtained for 54  ACTION  OF ALPHA  CHYMOTRYPSIN 
casein alone, suggests that casein is being hydrolyzed faster than gelatin. In 
fact, it was observed that when the course of the hydrolysis by chymotrypsin 
is foUowed by formol or direct titration the appearance of titratable groups is 
much slower with gelatin than with casein. This behavior is different from that 
of trypsin which liberates titratable groups  from both proteins more  or less 
at the same rate. In order to achieve gelatin hydrolysis at comparable rates, 
about 60 times as much chymotrypsin was required as trypsin. These results 
are in good agreement with tho~e previously reported by Northrop  (12)  who 
observed that with gelatin the rate of hydrolysis by trypsin is about 100 times 
as fast as the rate of hydrolysis by chymotrypsin when measured by titration, 
or  10  times as fast if measured by viscosity changes.  Similarly, the  rate  of 
casein hydrolysis by pepsin was found to be about 200 times faster than the 
rate  of  gelatin hydrolysis by pepsin  when measured by direct  titration,  or 
twice as fast when measured by viscosity changes. 
Experiments with Protein Mixtures 
There is a  period of time at the beginning of the reaction protein-chymo- 
trypsin when the rate of hydrolysis is not changed by the addition of more 
substrate. For the sake of convenience this time interval will be referred to for 
the present as a "saturation" zone. Northrop (11) found that there is a marked 
"saturation"  zone with crude enzyme preparations,  but with crystalline en- 
zymes the effect is much less noticeable and the amount of digestion is nearly 
that expected from the change in substrate concentration. However, in spite 
of the short length of the "saturation" periods when crystalline enzymes are 
used, it is possible to perform precise measurements of the rate within these 
zones. This can be done because the continuous direct titration method follows 
the course of the hydrolysis step by step  and permits the detection of even 
slight  changes  in  the  rate  of  appearance  of  titratable  groups. 
The "saturation" periods of chymotrypsin with casein can be observed with 
3  per cent or greater substrate  concentrations. From Table I  it can be seen 
that during these periods the amount of alkali consumed per minute at each 
stage of the reaction is constant for all the substrate concentrations, provided 
that the same quantity of enzyme is used. With 0.025 rag. per ml. of chymo- 
trypsin, the rates of titration of 3 and 4 per cent casein begin to differ in the 
interval between the consumption of 0.06  ml. and 0.08  ml. of 0.1  N NaOH, 
while with 4  and 5 per cent the first divergency is in the intermediate time 
between 0.08  and 0.10 ml. of 0.1 N NaOH consumed (Fig. 1). With a  greater 
concentration of enzyme (0.200  rag.  per ml.)  the figures which indicate the 
end of the  "saturation" periods are larger: 0.45  to 0.50 ml. of 0.1  N NaOH 
with 4to 5 per cent casein, or 0.30 to 0.40  ml. with 5 to  10 per cent casein. 
If the length of the  "saturation" periods is expressed in time terms,  no im- 
portant  difference is  observed  when the  enzyme concentration is  increased. M.  CASTA.~EDA-AGULL6 AND  LUZ  M.  DEL  CASTILLO 
TABLE I 
I.ength  of "Saturation"  Zones  in  Casein  and Ester  Hydrolyses  by  a-Chymotrypsin 
55 
Titration interval (ml. 0.1 ~ NaOH 
consumed) 
0.00-0.04 
0.04-0.06 
0.06-0.08 
0.08-0.10 
0.00-0.10 
0.10-0.20 
0.20-0.30 
0.30-0.40 
0.40.--0.45 
O. 45-0.50 
0.00-0.04 
0.04-0.06 
0.06-0.08 
0.08-0.10 
0.10-0.12 
0.00-0.04 
0.04-0.06 
0.06-0.08 
0.08-0.10 
ml. of 0.I N NaOH consumed per rain. during each interval with the 
following  substrates 
3  per cent  casein 
0.023 
0.023 
0.016 
4 per cent casein 
0.024 
0.023 
0.021 
0.018 
5 per cent easein (1) 
0.024 
0.022 
0.021 
0.021 
4 per cent casein  5 per cent casein  10 per cent casein (2) 
0.195 
0.137 
0.118 
0.085 
0.200 
0.121 
0.122 
0.089 
0.078 
0.077 
0.024 M BAEE 
0.274 
0.238 
0.244 
0.241 
0.222 
0.072 
0.066 
0.018 M BAEE 
0.270 
0.260 
0.235 
0.244 
0.189 
0.198 
0.130 
0.120 
0.125 
0.030 M BAEE  (3) 
0.266 
0.260 
0.235 
0.266 
0.250 
0.018 M BAME  0.024 M BAME  0.030 M BAME  (4) 
0.239 
0.206 
0.210 
0.160 
0.235 
0.222 
0.215 
0.178 
0.242 
0.200 
0.217 
0.240 
(1) Enzyme concentration 0.025  rag. per ml. (of. Fig. 1). 
(2) Enzyme concentration 0.200  rag. per ml. (of. Fig. 4). 
(3) Enzyme concentration 0.200 mg. per ml. (cf. Fig. 5 A). 
(4) Enzyme concentration 0.200 rag. per ml. (cf. Fig. 5 B). 
The  curves  plotted  in  Figs.  1  A,  4  A,  and  4  B  exhibit  similar  "saturation" 
zones,  the duration  of which varies from 3  to about  5  minutes.  When,  instead 
of increasing the concentration of casein from 4  per cent to some higher value, 
4  or 5  per cent gelatin is added  to 4  per cent casein,  the curves corresponding 
to  casein  plus  gelatin  diverged  from  those  obtained  with  the  individual  pro- 56  ACTION  OF  ALPHA  CHYMOTRYPSIN 
teins  even from the  start  of the  reaction  (Fig.  4  B).  The  concentrations  of 
gelatin used were hydrolyzed at approximately the same rate as  1 per cent  o] 
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FIG. 4.  Effect of the addition of more casein to a casein solution already at "satu- 
ration" level (A and B) as compared with (C and D) the result of adding a different 
substrate, namely gelatin. Temperature, 35°C. Buffer, 0.015 M phosphate pH 8. 
casein  under  the  same  experimental  conditions.  However,  when  these  con- 
centrations of gelatin were added to "saturation" levels of casein there was a 
significant increase in the liberation of titratable groups. The increased rate of 
hydrolysis is observable even during the very early stages of the reaction, i.e., 
during the "saturation"  period. The initial rates of hydrolysis of the two pro- M.  CASTA.,N'EDA-AGULL6  AND  LUZ M.  DEL  CASTILLO  57 
tein substrates are approximately equal to the sum of the rates of the separate 
substrates  (of.  Table II). The rates were calculated as the reciprocal of time 
required for the consumption of 0.1 ml. 0.1 N NaOH, i.e., at the beginning of 
the "saturation" period. 
TABLE II 
Rates of Hydrolysis  Calculated as Reciprocals of Time/or the Consumption  of Either 0.I MI. 0.1 
N NaOH with Protein-Protein  or 0.05 M1. with Ester-Protein  Mixtures* 
Ref.  t  Fig. 
No. 
4A 
4B 
4C 
4D 
8A 
8B 
8C 
8D 
First substrate 
r  1/r 
4 per cent casein 
0.53  1.89 
4 per cent casein 
0.53  1.89 
5 per cent casein 
0.53  1.89 
5 per cent casein 
0.50  2.00 
4 per cent casein 
0.38  2.63 
4 per cent casein 
0.56  1.78 
4 per cent gelatin 
1.75  0.57 
4 per cent gelatin 
1.87  0.53 
1st plus 2nd  sub-  Second substrate  Sum  strate in the same 
of  solution 
T  I/T  rates  T  I/T 
1 per cent casein 
1.31  0.76  2.65  0.53  1.89 
4 per cent gelatin 
2.05  0.49  2.38  0.40  2.50 
5 per cent casein 
0.53  1.89  3.78  0.53  1.89 
5 per cent gelatin 
1.50  0.67  2.67  0.35  2.85 
0.018 M BAEE 
2.00  0.50  3.13  0.31  3.21 
0.018 M BAME 
2.13  0.47  2.25  0.44  2.27 
0.018 M BAEE 
1.87  0.53  1.10  1.00  1.00 
0.018 M BAME 
2.25  0.44  0.97  1.06  0.94 
Difference 
(found value. 
calculated) 
--0.76 
+0.12 
--1.89 
+0.18 
+0.O8 
+0.O2 
-  O. 10 
-0.03 
* These volumes of NaOH solution were chosen because in all cases they are taken up with- 
in the "saturation" zones. 
Experiments with Esters 
Chymotryptic hydrolyses of BAME and BAEE axe not zero order reactions 
and  their  rates  change  with  the  initial concentration  of  substrate  (Fig.  5). 
Since the consumption of NaOH  in the titration of the tryptic hydrolysis of 
BAME  or BAEE  is equivalent  to  the total  quantity of ester present in the 
solution, it is possible to determine quantitatively the initial concentration of 
ester. From Fig. 6  A  it can be seen that trypsin hydrolyzes both esters at the 
same rate,  as had  been  previously reported by Schwert  and  Eisenberg  (14), 58  ACTION  OF  ALPHA  CHYMOTRYPSIN 
and  that  equal volumes of NaOH solution are required  to titrate  equimolar 
concentrations.  On the other hand,  chymotrypsin hydrolyzes the ethyl ester 
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FIG. 5. Saturation  curves  of  ~-chymotrypsin with BAEE  and BAME.  Tempera- 
turc,  25°C.  Buffer,  0.015  )z  phosphate  pI-I  7.8. 
more rapidly than the methyl ester (Fig.  6 B), and the rate of hydrolysis of 
mixtures  of these  two esters  by chymotrypsin varies  with  the  relative pro- 
portions of each in the reaction mixture (Fig.  7). This behavior fits quantita- 
tively with the idea that the two substrates are competing for a single site on 
the enzyme. A plot against per cent composition of the reaction mixtures (Fig. M.  CAST~DA-AGULL0 AND LUZ M.  ])EL CASTILLO  59 
7, upper left) gives a straight line, in agreement with Thorn's theoretical design 
for competitive hydrolysis (15). 
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FiG. 6.  Assay of BAEE and BAME samples by tryptic hydrolysis (A). Hydrolyses 
of 0.01 •  solutions of these esters by a-chymotrypsin (B). Temperature, 25°C. Buffer, 
0.015 ~ phosphate pH 7.8. 
Experiments with Esters and Proteins 
Fig. 5 shows that with either BAME or BAEE, 0.200 rag. per ml. of chymo- 
trypsin is "saturated" at a substrate concentration of 0.018 ~. The "saturation" 
period lasts for about 4 minutes, the time which is necessary for the consump- 50  ACTION  0]~ ALPHA  CHYMOTRYPSIN 
tion of about  0.1  ml.  0.1  N NaOH  (Table I).  Measurements  of the  simul- 
taneous hydrolysis of one protein and one ester are presented in Fig.  8. The 
top curves A  and B  are the plots of the course of hydrolysis of mixtures of 
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FIG. 7.  Hydrolyses by a-chymotrypsin of  various  mixtures  of  BAEE-BAME. 
The smaller figure is the plot of the reaction rates against the percentage composition 
of the mixtures.  Temperature, 25°C. Buffer, 0.015 ~  phosphate pH  7.8. 
0.018 M BAEE or BAME with 4 per cent casein as compared with the hydrolysis 
of the  respective separate  substrates.  Curves  C  and  D  show  hydrolysis in 
mixtures of 0.0!8 ~  BAEE or BAME with 4 per cent gelatin as compared to 
those with a  single substrate. In all these experiments the rates of hydrolysis 
are calculated as the reciprocals of time for the consumption of 0.05 ml. of 0.1 
N NaOH,  i.e. within the "saturation" zone. These data demonstrate  (Table M.  CASTAI~TEDA-AGULL~  AND  LUZ  M.  DEL  CASTILL0  51 
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FiG.  8.  Chymotryptic hydrolyses of  two  substrates  (one  ester,  one protein)  on 
the  same solution and  at  "saturation"  levels.  Temperature,  28°(].  Buffer, 0.015  M 
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II) that the rates of the mixtures are nearly equal to the sums of the rates 
calculated for the separate substrates. 
Assay of Enzyme Purity 
Because the esters used in these studies are hydrolyzed about 40 times faster 
by trypsin than by chymotrypsin, it was necessary to consider the possibility 
that the activity observed might in reality be due to some contamination of 
the chymotrypsin preparation with trypsin. No  change in activity could be 
detected with either BAME or BAEE when the thrice crystallized chymotrypsin 
used was recrystallized an additional two times. In spite of this observation 
some uncertainty remained that small but significant amounts of trypsin were 
being retained by the chymotrypsin crystals. Therefore, an alternative method 
of evaluating the purity of the enzyme was employed, namely, a method based 
on Kunitz's previous finding (7)  that soy bean inhibitor has a  different mode 
of action with chymotrypsin than with trypsin. The specific  activity of the 
inhibitor toward trypsin was determined by the direct titration method with 3 
per cent casein as substrate. The plot of mg. per ml. trypsin inhibited against 
concentration of inhibitor gives a straight line, the slope of which, 1.05, repre- 
sents the average specific activity expressed as weight of trypsin inhibited per 
rag. inhibitor (Fig. 9, above left). This value is in agreement with that obtained 
by Kunitz, 1.03, by determination of free tyrosine and tryptophan when 0.5 
per cent casein is hydrolyzed (8).  This author has established that pure soy 
bean  inhibitor  inactivates  approximately  an  equal  weight  of  pure  trypsin 
and proposes the inhibition test as an index of the purity of trypsin samples. 
It  was  thought of  interest  to  investigate whether  the  effect of  soy bean 
inhibitor on the tryptic hydrolysis of a low molecular weight substrate such as 
BAEE holds the same quantitative relationship as in the case of protein hy- 
drolysis. It was observed (Fig. 9 B) that the inhibition of the esterase activity 
exhibits two phases,  an initial period in the course of which the amount of 
trypsin inhibited increases in direct proportion to the inhibitor added, and then 
a  second stage in which the inhibition is no longer a  linear function of  the 
inhibitor concentration. The first or linear phase has as an upper limit a con- 
centration of inhibitor amounting to 60 per cent of the enzyme present.  From 
this point on the esterase activity inhibited per unit weight of inhibitor  di- 
minishes progressively.  This  type of  curve  is  similar  to  those  obtained  by 
Northrop (9,  10) in his studies of the activity of crude inhibitors with pepsin 
and trypsin, and by Kunitz (7) in his report of the effect of crystalline soy bean 
inhibitor on chymotrypsin. These authors found that with protein substrates 
these reactions were  of the reversible  type. That  is  to  say,  an equilibrium 
exists between the concentration of the enzyme-inhibitor complex formed and 
the amount of each reactant in solution. The equation 
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FIG.  9.  Action of soy bean inhibitor on the proteolytic and esterolytic activities 
of trypsin and a-chymotrypsin. The slopes  of the straight lines are equivalent to the 
specific activities of the inhibitor expressed as weight of enzyme inhibited per weight 
unit of inhibitor.  Substrate  concentrations,  3 per cent casein and  0.008  M BAEE. 
Temperature,  35°C.  for  casein  and  25°C.  for  BAEE.  Buffer,  0.015  M phosphate 
pH 8, or 7.8 respectively. 
was developed by Kunitz for these reversible uniounimolecular reactions from 
mass action law considerations.  It expresses  the  amount  of enzyme inhibited 
(C)  as a  function of the  enzyme present  (A)  and  the inhibitor  added  (B)  in 64  ACTION OF  ALPHA  C~OTRYPSIN 
the volume (V)  of reaction mixture. This equation can be applied to the in- 
hibition of the  esterase  activity of trypsin in the  second stage  (Fig.  9  B). 
The smooth curve is the hypothetical one, and the circles represent the experi- 
mental data. The value of K1 obtained is equivalent to the amount of inhibitor 
per unit volume which inhibited 50 per cent of the residual activity after the 
reaction had ceased to be a  linear function of the inhibitor concentration. It 
was calculated by subtracting the concentration of inhibitor which inhibited 
60 per cent of the activity from that which resulted in 80 per cent inhibition. 
These results suggest that the inhibition of tryptic hydrolysis of BAEE is 
carried out in two successive reactions, the first a uni-unimolecular irreversible 
reaction corresponding to inhibition of the proteolytic activity, and the second 
a reversible uni-unimolecular reaction. 
The action of soy bean inhibitor on the chymotryptic hydrolysis of 3 per 
cent casein was studied by both direct titration and the Kunitz (8)  method. 
The experimental data are indicated by hollow and filled circles respectively in 
Fig. 9  C. A  concentration of 0.384  rag. per ml. of inhibitor was required to 
inhibit 50 per cent of the chymotrypsin present  (0.012  mg. per ml).  Substi- 
tuting this value for K1 in the equation given above, the smooth curve is ob- 
tained. These data are in agreement with Kunitz's finding of a reversible uni- 
unimolecular reaction. The value obtained for K~ when 3 per cent casein was 
used was almost 10 times as large as the value of K~ with 0.5 per cent casein. 
This  might  suggest  that  an  increase  in  substrate  concentration causes  the 
equilibrium to be displaced in the direction of greater dissociation, with the 
result that greater amounts of inhibitor would be required to inhibit the re- 
action to the same extent. This behavior of chymotrypsin differs from that of 
trypsin, in which the concentration of casein seems to have no effect on the 
reaction with inhibitor. 
It  appears  from the results obtained that  the chymotryptic hydrolysis of 
BAEE is inhibited irreversibly by soy bean inhibitor during the first  stages 
of  the  reaction.  After approximately 45  per  cent  of  the  activity has  been 
neutralized,  the  reaction  becomes  reversible.  The  specific  activity for  the 
straight portion of the line is 1.45. The value of K~ in the reversible phase is 
0.075  (Fig. 9 D). 
Experiments were performed to  ascertain the degree of contamination  by 
trypsin that would be necessary to account for the observed activity of the 
preparation used on the studied esters.  It was found that 0.005  rag. per ml. 
of trypsin yielded the same activity as 0.200 rag. per ml. of chymotrypsin, as 
measured by alkali consumption after 20 minutes hydrolysis of 0.008 M BAEE. 
This quantity of trypsin was then added to 0.200 rag. per ml. chymotrypsin. 
The  activity  observed  was  twice  that  obtained  with  chymotrypsin alone, 
indicating  that  there  is  neither  an  adsorption  phenomenon nor  interaction 
between these enzymes. Increasing concentrations of inhibitor were added to M.  CASTA!~IEDA-AGULL6 AND  LUZ  M.  DEL  CASTILL0  65 
the system trypsin-chymotrypsin until the activity diminished sufficiently to 
yield a  value  equivalent  to  that  obtained  with  chymotrypsin alone.  Total 
inhibition of the increment of activity due to the 0.005 mg. per ml. of added 
trypsin was achieved with 0.040 rag. per ml. inhibitor. Smaller concentrations 
of  inhibitor  resulted  in  proportionately  less  diminution  of  activity.  These 
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FIG. 10. A, effect of the soy bean inhibitor on the increment of activity originated 
by the addition of an amount of trypsin which duplicated the original activity of the 
isolated a-chymotrypsin. The slope indicates  the specific activity of the inhibitor 
for trypsin when this enzyme is in the presence of a-chymotrypsin. B, comparison 
between  the activities  of  trypsin and a-chymotrypsin toward p-toluene sulfonyl-L- 
arginine methyl ester, and effect of a mixture of these enzymes on the same ester. 
Temperature, 25°C. Buffer, 0.015 ~ phosphate pH 7.8. Ester concentration  in both 
experiments, 0.008 ~r. 
data give a linear plot (Fig. 10 A). The specific activity with reference to trypsin 
in the system is 0.121.  The reaction seems to be irreversible,  but it requires 
greater amounts of inhibitor than when trypsin is used alone. The presence of 
chymotrypsin, which also binds inhibitor, though reversibly, alters the quantita- 
tive relationship of the inhibiting reaction. 
The results of the experiments with soy bean inhibition make it possible to 
deduce the following: 66  ACTION OF ALPHA C~OTRYPSIN 
1.  During the phase of irreversible reaction,  the activity of trypsin by itself 
toward BAEE is  inhibited in the ratio  1:1  weight  of trypsin to weight  of 
inhibitor, in the same way as protease activity. 
2.  If the hydrolysis of BAEE by chymotrypsin were due to contamination 
with trypsin, this contamination would amount to 2.5 per cent, since 0.005 rag. 
per ml. of trypsin has approximately the same activity as 0.200 mg. per ml. 
of chymotrypsin. 
3.  8.25 times as much inhibitor as trypsin (by weight)  was required  to in- 
hibit the increment of activity produced by the addition of 0.005 rag. per ml. 
trypsin to 0.200 rag.  per  ml.  chymotrypsin (0.121 specific activity). 
4.  If the supposition  that the chymotrypsin sample contained 2.5 per cent 
trypsin were correct,  the specific activity of the inhibitor would be similar to 
that calculated in paragraph 3. Instead, the figure obtained was 0.036. That 
is, 27.5 times as much inhibitor as trypsin were required to achieve inhibition. 
5.  The lack of agreement between  these two values indicates that BAEE 
hydrolysis is  not due  to  a  trypsin impurity, but  to  chymotrypsin itself. 
TSAME is very rapidly hydrolyzed by trypsin, but according  to Schwert 
et al. (13) is attacked only very slowly by chymotrypsin. From Fig. 10 B it can 
be seen that a concentration of 0.500 rag. per ml. chymotrypsin  demonstrated a 
nearly negligible activity on 0.008 ~  TSAME (The total consumption  of 0.1 
N NaOH after 20 minutes was about 0.03 ml.). In contrast, as small a trypsin 
concentration as 0.0005 rag. per mi. gave rise to a fairly rapid hydrolysis (0.18 
ml. 0.1 ~ NaOH in 20 minutes). When 0.0005 rag. per ml. trypsin was mixed 
with 0.500 mg. per ml. chymotrypsin, the resulting activity was the sum of the 
separate activities. 
Since the activity of the concentration of chymotrypsin used in these experi- 
ments was approximately ~  that of 0.0005 rag. trypsin with regard to TSAME 
hydrolysis, and since there was no appreciable inhibition of this enzyme when 
mixed with a 1000 times greater amount of chymotrypsin, it may be concluded 
that if the chymotrypsin preparation used had been contaminated by trypsin, 
the amount of such  contamination could not have exceeded 0.016 per cent. 
Consequently, the hydrolysis of BAEE or BAME by 0.200 mg. chymotrypsin 
(the higher concentration used in these studies) has to be attributed to chymo- 
trypsin itself, since the amount of trypsin present, if any, would be insufficient 
to account for the activity observed. 
DISCUSSION 
It has been shown that with a single substrate, whether protein or ester, the 
hydrolytic activity  of  a-chymotrypsin increases  with  increasing  substrate 
concentration up to a  certain maximum value.  Beyond this value,  increased 
substrate concentration does not result in an increased  hydrolytic activity. 
This phenomenon corresponds to the conventional concept of enzyme "saturn- M.  CASTAI~EDA-AGULL6  AND  LUZ  M.  ])EL  CASTILLO  67 
tion" and is observable during a short period at the beginning of the reaction 
("saturation zone"). A  mixture of two substrates which are very similar in 
structure (in this case the two esters studied, ber~oyl-L-arginine methyl and 
ethyl esters) is hydrolyzed by chymotrypsin at a rate intermediate between the 
rates for each substrate when used alone, indicating that these substrates are 
competing for the same active site on the enzyme surface. When this mixture 
is  hydrolyzed by trypsin  (which hydrolyzes both  esters  at  the  same  rate), 
the  competition presents  the  same  characteristics  as  the  "saturation"  phe- 
nomenon. That is,  no increase of rate is produced by the addition of more 
substrate. 
On  the  other  hand,  when  two  chemically dissimilar  substrates,  each  at 
its saturation level, are used simultaneously (e.g. casein with gelatin, casein 
or gelatin with either BAME or BAEE) the rate of hydrolysis of the mixture 
is approximately equal to the sum of the hydrolysis rates with the individual 
substrates. 
These observations give rise to some speculation about the mechanism of 
enzyme action. The fact that  one ester  and one protein can be  hydrolyzed 
independently by chymotrypsin leads to the supposition that if an enzyme- 
substrate complex is formed, the active site for esters must be different from 
that for the protein.  Additionally, the fact that the curves for the effect of 
soy bean inhibitor on casein hydrolysis by chymotrypsin differs from that on 
BAEE gives further evidence that the enzyme reacts differently with the pro- 
tein and the esters. On the other hand, casein and gelatin are also hydrolyzed 
independently in the same solution, so that a similar assumption of two different 
active sites, one for each protein, would have to be admitted. Thus, if a specific 
complex were formed in each case, a-chymotrypsin would have to possess  at 
least three independent active sites. 
However, it has been reported  (4,  5)  that diisopropyl fluorophosphate in- 
hibits the proteolytic and esterolytic activities of this enzyme at the same rate 
and to the same extent, indicating that both activities reside in the same "active 
center." If this is really the case,  then the experimental observations reported 
here must be considered incompatible with the assumption that a-chymotrypsin 
forms a relatively stable intermediate complex with its substrate. 
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